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MODE BAND PASS FILTER, AND DUPLEXER AND WIRELESS COMMUNICATION DEVICE 

(57)Abstract: w 
PROBLEM TO BE SOLVED: To provide a dual mode band pass filter 
that can be downsized, the characteristic of which can easily be 
adjusted, with a low insertion loss and that hardly acts like a noise 
source. 

SOLUTION: The dual mode band pass filter 1 has a tri-plate structure 
where ground electrodes 3, 6 are placed above and under a metallic 
film 9 via a dielectric substrate layer to configure a resonator, the 
ground electrodes 3, 6 are interconnected electrically by ground 
connection electrodes 7, 8, the ground electrodes 3, 6 and the ground 
connection electrodes 7, 8 apply electromagnetic shield to the metallic 
film 9, input output connection electrodes 12, 13 connected to input 
output coupling circuits 10, 1 1 are formed to end faces 2e, 2f of a 
dielectric board 2 and act like a resonance exciting source of a 
structure comprising the ground electrodes 3, 6 and the ground 
connection electrodes 7, 8. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dual mode band pass filter used as a band-pass filter in the 

transmitter of a microwave - millimeter wave band, and its property adjustment approach. 

[0002] 

[Description of the Prior Art] Conventionally, the dual mode band pass filter is variously proposed as a band pass filter 
used in a high frequency field (MINIATURE DUAL MODE MICROSTRIP FILTERS, J.A.Curtis and S.J.Fiedziuszko, 
1991 IEEE MTT-S Digest, etc.). 

[0003] Drawing 1 1 and drawing 12 are each typical top view for explaining the conventional dual mode band pass filter. 
In the band pass filter 200 shown in drawing 11 , the circular electric conduction film 201 is formed on the dielectric 
substrate (not shown). The I/O coupled circuit 202 and the I/O coupled circuit 203 are combined with this electric 
conduction film 201 so that the include angle of 90 degrees may be made mutually. And the tip disconnection stub 204 
is formed in the location which makes the include angle of 45 degrees of central angles to the part by which the above- 
mentioned I/O coupled circuit 203 is arranged. The resonance mode which is two from which resonance frequency 
differs by this is combined, and the band pass filter 200 is constituted so that it may operate as a dual mode band pass 
filter. 

[0004] Moreover, in the dual mode band pass filter 210 shown in drawing 12 , the electric conduction film 21 1 of an 
abbreviation square is formed on the dielectric substrate. The I/O coupled circuit 212,213 is combined with this electric 
conduction film 21 1 so that the include angle of 90 degrees may be made mutually. Moreover, the corner section with a 
location of 135 degrees is missing to the I/O coupled circuit 213. by preparing lack partial 21 la, if the resonance 
frequency of two resonance modes is **, it carries out ~ having — **** — this ~ resonance in the mode whose number 
is two is combined and a band pass filter 210 operates as a dual mode band pass filter. 

[0005] On the other hand, it replaces with the circular electric conduction film, and the dual mode filter using the 
circular ring-like electric conduction film is also proposed (JP,9-139612,A, JP,9-162610,A, etc.). That is, the dual mode 
filter which arranges an I/O coupled circuit so that the include angle of 90 degrees of central angles may be made, and 
comes to prepare a tip disconnection stub to a part of ring-like transmission line as well as the dual mode band pass 
filter shown in drawing 1 1 is indicated using the circular ring-like ring transmission line. 

[0006] Moreover, the dual mode filter using the same ring-like transmission line is indicated by JP,6-1 12701, A. As 
shown in drawing 13 , the ring resonator with which the circular ring-like electric conduction film 222 is formed on the 
dielectric substrate consists of this dual mode filter 221. Here, to the circular ring-like electric conduction film 222, four 
terminals 223-226 are constituted so that 90 degrees may be made mutually. Two terminals 223,224 arranged in the 
location which makes the include angle of 90 degrees mutually among four terminals are combined with the I/O 
coupled circuit 227,228, and the two remaining terminals 225,226 are connected through the feedback circuit 230. 
[0007] The orthogonal mode resonance which is not mutually combined by the above-mentioned configuration in the 
ring resonator which consists of the one strip line is produced, and the purport which can control degree of coupling by 
the above-mentioned feedback circuit 230 is indicated. 
[0008] 

[Problem(s) to be Solved by the Invention] In the conventional dual mode band pass filter shown in drawing 1 1 and 
drawing 12 , by forming one electric conduction film pattern, two steps of band pass filters can be constituted, therefore 
the miniaturization of a band pass filter can be attained. 

[0009] However, in the electric conduction film pattern of a round shape or a square, since it had the configuration 
which separates the above-mentioned specific include angle and combines an I/O coupled circuit, degree of coupling 
could not be enlarged but there was a fault that a large passband could not be obtained. 



[00 10]' Moreover, in the band pass filter circular [ electric conduction / 201 ] and shown in drawing 12 with the band 
pass filter shown in drawing 1 1 , the square and the configuration are mostly limited for the electric conduction film 
211. Therefore, there was also a problem that the degree of freedom of a design was low. 

[001 1] Moreover, there was a problem that it was difficult for JP,9-139612,A or JP,9-162610,A also in the dual mode 
band pass filter using a ring-like resonator like a publication to enlarge degree of coupling similarly, and the 
configuration of a ring-like resonator was limited. 

[0012] On the other hand, by using a feedback circuit 230 for JP,6-1 12701, A mentioned above with the dual mode filter 
221 of a publication, adjustment of degree of coupling is performed and it is supposed that broadband-ization is 
attained. However, there was a problem that a feedback circuit 230 was required for this advanced technology with the 
dual mode filter of a publication, and circuitry made it complicated. In addition, it was limited too that the configuration 
of a ring-like resonator is in a circle, and there was a problem that the degree of freedom of a design was low. 
[0013] The purpose of this invention can enlarge degree of coupling, adjustment of degree of coupling is still easier for 
it, it not only can attain a miniaturization, but it can realize [ it can cancel the fault of the conventional technique 
mentioned above, ] a large passband easily, and is to offer the dual mode band pass filter which was further excellent in 
the degree of freedom of a design, and its property adjustment approach. 

[0014] Other purposes of this invention are to offer the duplexer and radio communication equipment which have the 

dual mode band pass filter constituted according to this invention. 

[0015] 

[Means for Solving the Problem] The dual mode band pass filter concerning this invention In the height location with 
the dielectric substrate which has the 1st and 2nd principal plane, and said dielectric substrate, it is formed partially. The 
metal membrane in which the through tube or lobe for two or more resonance modes occurring when an input is **** 
(ed), and combining these two or more resonance modes is formed, Two or more ground electrodes formed in the 1st, 
the 2nd principal plane, or the interior of a dielectric substrate so that it might counter through said metal membrane and 
a dielectric substrate layer, The ground connection electrode prepared so that it might connect electrically said two or 
more ground inter-electrode, The input/output terminal formed in the 1st and 2nd principal plane of said dielectric 
substrate, and one pair of I/O coupled circuits combined to said metal membrane in the part from which this metal 
membrane differs, It is characterized by having the I/O connection electrode which has connected electrically said 
input/output terminal and said I/O coupled circuit, arranging said metal membrane up and down through a dielectric 
substrate layer, and said two or more ground electrodes constituting TORIPU rate structure. 
[0016] The structure which consists of said ground electrode and a ground connection electrode consists of specific 
aspects of affairs of this invention so that it may resonate separately from two or more resonance modes produced in 
said metal membrane. 

[0017] On other specific aspects of affairs of this invention, the resonance mode of the structure which consists of said 
ground electrode and a ground connection electrode is the TE mode or the deformation mode of the TM mode. 
[0018] On other specific aspects of affairs of this invention, the resonance frequency of the resonance mode of the 
structure which consists of said ground electrode and a ground connection electrode differs from the resonance 
frequency of two or more resonance modes produced in said metal membrane further. 

[0019] The resonance mode of the structure which consists of said ground electrode and a ground connection electrode, 
and said two or more resonance modes produced in said metal membrane are combined, and the band pass filter consists 
of another specific aspects of affairs of this invention. 

[0020] The dual mode band pass filter concerning this invention On the aspect of affairs which can adjust a property 
easily and has this invention So that it may appear in the frequency location which the resonance frequency of the 
resonance mode of the structure which consists of said ground electrode and a ground connection electrode considers as 
a request The property adjustment approach of the band pass filter characterized by changing the resonance length of 
the structure who consists of said ground electrode and a ground connection electrode is offered. On other specific 
aspects of affairs The property adjustment approach of the band pass filter characterized by adjusting the structure of 
said I/O connection electrode is offered so that the impedance at the time of resonance of the structure which consists of 
said ground electrode and a ground connection electrode may serve as a desired value. 

[0021] The duplexer concerning this invention is characterized by having the dual mode band pass filter constituted 
according to this invention. 

[0022] The radio communication equipment concerning this invention is characterized by having the dual mode band 

pass filter constituted according to this invention. 

[0023] 

[Embodiment of the Invention] Drawing 1 (a) and (b) are the perspective views and transverse-plane sectional views 
showing the appearance of the dual mode band pass filter concerning the 1st example of this invention, and drawing 1 



(0 is fye flat-surface sectional view showing the metal membrane and input/output terminal for constituting the 
resonator currently formed in the interior of the dual mode band pass filter of this example. 

[0024] The dual mode band pass filter 1 has the rectangular dielectric substrate 2. Although especially the ingredient 
that constitutes the dielectric substrate 2 is not necessarily limited, it is constituted from this example by the Mg-Si-B-0 
system crystallized glass which is specific inductive capacity epsilon= 7 and tandelta=0.001 (at30GHz). 
[0025] The ground electrode 3 is mostly formed in the whole surface on the top face as the 1st principal plane of the 
rectangle tabular dielectric substrate 2. The ground electrode 3 has the notches 3a and 3b which meet a pair of edge 2a 
which counters and suits, and 2b on the top face of the dielectric substrate 2. In this notch 3a and 3b, it is separated from 
the ground electrode 3, namely, insulates with the ground electrode 3 electrically, and input/output terminals 4 and 5 are 
formed, respectively. The input/output terminal is constituted by the rectangular electrode layer. 
[0026] The ground electrode 6 is formed in the whole surface on the inferior surface of tongue as the 2nd principal 
plane of the dielectric substrate 2. Moreover, the ground connection electrodes 7 and 8 are formed in the side faces 2c 
and 2d of the pair located in the both sides of edge 2a of the top face of the dielectric substrate 2, and 2b. The ground 
connection electrodes 7 and 8 are formed in order to connect electrically the ground electrodes 3 and 6 currently formed 
in the top face and inferior surface of tongue of the dielectric substrate 2. 

[0027] On the other hand, the metal membrane 9 for constituting a resonator is partially formed in the height location 
with the interior of the dielectric substrate 2. The metal membrane 9 is arranged at these and parallel so that the ground 
electrodes 3 and 6 may be overlapped through a dielectric substrate layer. 

[0028] In this example, the flat-surface configuration of a metal membrane 9 is a rectangle, and has through tube 9a. 
Although through tube 9a is also a rectangle, this through tube 9a is prepared in order to combine the resonance mode 
spread in the direction of a long side of a metal membrane 9, and the resonance mode prolonged in the direction of a 
shorter side. 

[0029] That is, when an input is applied from one side of input/output terminals 4 and 5, in a metal membrane 9, the 
resonance mode spread in the direction of a long side and the direction of a shorter side occurs. The resonance 
frequency of the resonance mode spread in the direction of a long side differs from the resonance frequency of the 
resonance mode spread in the direction of a shorter side. And through tube 9a has the configuration of the rectangle 
extended in the direction parallel to the long side of a metal membrane 9. Therefore, the resonance electric field of the 
resonance mode spread in the direction of a shorter side can weaken by existence of through tube 9a. In this example, by 
adjusting the magnitude of this through tube 9a, the resonance frequency of the resonance mode spread in the direction 
of a shorter side is adjusted, the resonance mode spread in the direction of a shorter side by it and the resonance mode 
spread in the direction of a long side are combined, and the property as a dual mode band pass filter is acquired. 
[0030] In other words, the above-mentioned through tube 9a is constituted so that the two above-mentioned resonance 
modes produced in a metal membrane 9 may be combined. In the same height location as a metal membrane 9, 
predetermined distance is separated for the shorter side of a metal membrane 9, and the electrode layers 10 and 1 1 
which constitute an I/O coupled circuit are formed. Capacity coupling of the electrode layers 10 and 1 1 is carried out to 
the metal membrane 9. 

[0031] Moreover, as for electrode layers 10 and 1 1, the outside edge is pulled out by the end faces 2e and 2f of the pair 
of the dielectric substrate 2, respectively. On the other hand, the I/O connection electrodes 12 and 13 are formed in end 
faces 2e and 2f. It connects with the above-mentioned electrode layers 10 and 1 1 electrically, and the I/O connection 
electrodes 12 and 13 are electrically connected to input/output terminals 4 and 5 in the upper limit, respectively. 
[0032] The I/O connection electrodes 12 and 13 are formed in order to connect electrically the electrode layers 10 and 

1 1 as the above-mentioned I/O coupled circuit, and the input/output terminals 4 and 5 currently formed in the top face 
of the dielectric substrate 2. Since input/output terminals 4 and 5 are formed in the top face of the dielectric substrate 2 
and electrode layers 10 and 1 1 are formed in the middle height location in this example, the I/O connection electrodes 

12 and 13 It extends to the location which extends caudad and is electrically connected to the electrode layers 10 and 1 1 
as an I/O coupled circuit on end-face 2e and 2f from edge 2a of end faces 2e and 2f and a top face to make, and 2b. 
[0033] That is, the I/O connection electrodes 12 and 13 are formed in the end faces [ 2e and 2f ] lower limit so that it 
may not result. The ground electrode 3 mentioned above, input/output terminals 4 and 5, the ground electrode 6, the 
ground connection electrodes 7 and 8, a metal membrane 9, electrode layers 10 and 1 1, and the I/O connection 
electrodes 12 and 13 are all formed of Cu by this example. But it is not limited especially about the electrode material 
which constitutes these electrodes. 

[0034] Since a dielectric substrate is constituted on the occasion of manufacture of the above-mentioned dual mode 
band pass filter 1, the dielectric green sheet of the rectangle of two or more sheets is prepared. Next, each electrode 
structure formed in the top face, middle height location, and inferior surface of tongue of a dielectric substrate is printed 
on a respectively different green sheet to a dielectric green sheet. And a plain dielectric green sheet is made to intervene 



tn'between if needed further, the laminating of the dielectric green sheet with which these electrodes were printed is 
carried out, and a layered product is obtained. After pressurizing the obtained layered product in the thickness direction, 
the dielectric substrate 2 is obtained by calcinating. Thus, what is necessary is just to form the I/O connection electrodes 
12 and 13 and the ground electrodes 7 and 8 in the end faces 2e and 2f of the obtained dielectric substrate 2 by proper 
approaches, such as spreading, printing, etc. of conductive paste. 

[0035] As mentioned above, the dielectric substrate 2 can really [ well-known / ceramic ] be easily obtained with a 
baking technique from before. 

[0036] The dual mode band pass filter 1 of this example has the metal membrane 9 for constituting a resonator in a 
middle height location, and has the upper part of a metal membrane 9, and the so-called TORIPU rate structure where 
the ground electrodes 3 and 6 are arranged caudad. And electromagnetic shielding of the perimeter of the metal 
membrane 9 which constitutes a resonator is carried out with the ground electrodes 3 and 6 and the ground connection 
electrodes 7 and 8. Therefore, reduction of loss can be achieved. 

[0037] In addition, the structure which consists of the above-mentioned ground electrodes 3 and 6 and ground 
connection electrodes 7 and 8 resonates separately from two or more resonance modes of the resonator which consists 
of metal membranes 9. Namely, different resonance electromagnetic field from the resonance electromagnetic field in 
the above-mentioned metal membrane 9 exist in the space surrounded mainly with the ground electrodes 3 and 6 and the 
ground connection electrodes 7 and 8 by making the I/O connection electrodes 12 and 13 into the source of excitation. 
Therefore, resonance separate from two or more resonance modes produced in a metal membrane 9 is controllable by 
changing the configuration of the structure which consists of ground electrodes 3 and 6 and ground connection 
electrodes 7 and 8 etc. Similarly, resonance separate from two or more resonance modes produced in a metal membrane 
9 is controllable by changing the configuration of the I/O connection electrodes 12 and 13 etc. Therefore, the property 
of a dual mode band pass filter can be adjusted easily. 

[0038] For example, a multistage filter can be constituted by making the resonance frequency of the structure which 
turns into resonance frequency of the metal membrane 9 of the dual mode band pass filter 1 from the above-mentioned 
ground electrodes 3 and 6 and the ground connection electrodes 7 and 8 approach. Or a filter shape without spurious one 
can be obtained moving the resonance frequency of the structure which consists of the above-mentioned ground 
electrodes 3 and 6 and ground connection electrodes 7 and 8 in addition to the decay area of a dual mode band pass 
filter, or by adjusting an impedance so that resonance of the above-mentioned structure may become small. 
[0039] Next, the concrete example of an experiment of the dual mode band pass filter 1 of this example is explained. In 
this example of an experiment, the metal membrane 9 was designed so that passband center frequency might be set to 
about 21 GHz. That is, the long side of a metal membrane 9 was set to 2.2mm, and the shorter side was set to 1.2mm. in 
order [ moreover, ] to combine the resonance of the direction of a long side and the resonance of the direction of a 
shorter side which are produced in a metal membrane 9 - a metal membrane 9 - through tube of 0.5mm of 1 .8mm x 
shorter sides of long sides 9a was mostly formed in the core. 

[0040] Moreover, the dimension of the dielectric substrate 2 was made into 1 .9mm x height of 0.6mm of about 3.0mm x 
shorter sides of long sides. [ near the corner part of each shorter side of a metal membrane 9 ], the shorter side and the 
gap of 40 micrometers were separated and the electrode layers 10 and 1 1 of the shape of a 0.3x0.36mm rectangle were 
formed. 

[0041] moreover, the above-mentioned metal membrane 9 and electrode layers 10 and 1 1 — method ** of height of the 
dielectric substrate 2 - it has arranged in the center mostly. Furthermore, the I/O connection electrodes 12 and 13 were 
made into the die length which connects the input/output terminals 4 and 5 on top and the electrode layers 10 and 1 1 
formed in the middle height location, and set to 300 micrometers the width of face (namely, dimension of the height 
direction and the direction which intersects perpendicularly). 

[0042] The frequency characteristics of the reflection property of the dual mode band pass filter 1 of the above- 
mentioned design are shown in drawing 2 . In drawing 2 , the resonance which shows the resonance which appears in 
the low frequency side for the resonance shown by the arrow head A to obtain the filter shape of a metal membrane 9, 
and is shown by the arrow head B which appears in the high-frequency side supports resonance by the structure which 
consists of ground electrodes 3 and 6 and ground connection electrodes 7 and 8. 

[0043] It consists of this examples so that resonance frequency of resonance of the structure which consists of ground 
electrodes 3 and 6 and ground connection electrodes 7 and 8 may be made quite higher than the resonance frequency of 
the resonance A for obtaining a filter shape, it may fully be detached, therefore the damping property of a filter may not 
be influenced, so that clearly from drawing 2 . The invention-in-this-application person calculated the electromagnetic- 
field distribution in the resonance shown by the arrow head B of drawing 2 using the electromagnetic-field simulator 
made from Hewlett Packard (lot number HFSS). A result is shown in drawing 3 (a) and (b) in schematic drawing. 
[0044] Drawing 3 (a) shows the electromagnetic-field distribution at the time df carrying out plane view of the dielectric 



substrate % and (b) shows the electromagnetic-field distribution seen from [ passing through the center of the dielectric 
substrate 2 ] the transverse-plane sectional view. It turns out that electric field strong against the thickness direction of 
the dielectric substrate 2 have occurred in the center of the dielectric substrate 2, and the field has occurred so that it 
may turn around this electric field so that clearly from drawing 3 (a) and (b). 

[0045] In addition, the arrow head which the part which carried out hatching of the center in drawing 3 (a) shows the 
strong part of electric field, and is shown with a surrounding alternate long and short dash line shows vector distribution 
of a field. Moreover, the arrow head prolonged in the thickness direction of the dielectric substrate 2 in drawing 3 (b) 
shows an electric field vector. 

[0046] Generally as for the electromagnetic-field distribution shown in drawing 3 (a) and (b), the resonance mode of a 
cavity resonator, the TE mode known or the TM mode equivalent to this, and distribution are similar. In this example, 
the end faces 2e and 2f which are not covered with a ground electrode exist, and differing is in the point that 
electromagnetic field have leaked outside from these end faces 2e and 2f a little. 

[0047] Although the invention-in-this-application person was not yet well-known in order to compare with the dual 
mode band pass filter 1 of the above-mentioned example, he produced the dual mode band pass filter which has the 
structure currently indicated by the application for patent No. 47919 [ 2000 to ]. As shown in drawing 4 (a) and (b), this 
dual mode band pass filter 21 is constituted using the dielectric substrate 22, and the ground electrode 3 and 
input/output terminals 4 and 5 are formed in the top face of the dielectric substrate 22 like the case of the dual mode 
band pass filter 1. But in the dual mode band pass filter 21, a metal membrane 9 and the electrode layers 10 and 1 1 as an 
I/O coupled circuit are formed in the inferior surface of tongue of the dielectric substrate 22. That is, the dual mode 
band pass filter 21 does not have TORIPU rate structure, and has the same structure as the dielectric filter of micro slip 
structure. 

[0048] In addition, it is formed so that the I/O connection electrodes 23 and 24 for connecting input/output terminals 4 
and 5 with electrode layers 10 and 1 1 electrically may reach [ from the upper limit which is end faces 22e and 22f ] a 
lower limit. 

[0049] As mentioned above, if it removes not considering as TORIPU rate structure, the frequency characteristics of the 
reflection property of the dual mode band pass filter 1 of the 1st example and the dual mode band pass filter 21 designed 
similarly are shown in drawing 5 . 

[0050] Although the resonance for obtaining the filter shape shown by the arrow head C is obtained so that clearly from 
drawing 5 , the resonance B shown in drawing 2 is not seen at a cycle side. That is, in the dual mode band pass filter 21 
shown in drawing 4 , since it does not have the structure where the metal membrane 9 for constituting a resonator is 
covered and shielded with the ground electrode and the ground connection electrode, the resonance B in the dual mode 
band pass filter 1 does not exist, therefore — since another resonance using a ground electrode does not arise in the dual 
mode band pass filter 21 - this - using another resonance, a filter shape is adjusted or it turns out that multistage- 
ization cannot be performed. 

[0051] Next, it computed using the simulator which mentioned above the radiant efficiency (input power and radiation 
power comparatively) of the resonance C (refer to drawing 5 ) for obtaining the filter shape in the resonance A for 
obtaining the filter shape in the dual mode band pass filter 1 (referring to drawing 2 ), and the dual mode band pass filter 
21. Consequently, with the dual mode band pass filter 1 of an example, it turned out to radiant efficiency being less than 
1% that radiant efficiency is very as large as 36% with the dual mode band pass filter 21. 

[0052] Therefore, in the dual mode band pass filter 1 of this example, since electromagnetic shielding of the metal 
membrane 9 is carried out with the ground electrodes 3 and 6 and the ground connection electrodes 7 and 8, it turns out 
that the radiation from a filter is fully controlled. 

[0053] In the dual mode band passTilter 1 of the 1st example, although the ground connection electrodesJTand 8 
prepared in the side faces 2c and 2d of the dielectric substrate 2 connected electrically, the ground electrodes~3 and 6 
may connect stilljiiore-el^ctrically the ground electrode 3 on top and the ground electrode 6 at the bottom with the beer 
hall electrodeglCl. a nd 42,j $ shown in drawing 6 (a). Here, the ground eleqtrodes 3 and 6 arFelecfrici^ 
not only the ground connection electrodes 7 and 8 but the beet hall electrodesj^l and 42. 

[0054] As shown in drawing 6 (a), it approaches and the beer hall electrodes 41 and 42 are arranged, although the both 
sides of the I/O connection electrode 12 insulate electrically [ this I/O connection electrode 12 ]. That is, the beer hall 
electrodes 41 and 42 are formed so that the lateral surface may be exposed to end-face 2e, and in upper limit, they are 
formed so that lack section 3a may be expected. The property of the dual mode band pass filter 1 can be adjusted by 
adjusting the location of the beer hall electrodes 41 and 42 preparing in the location which is distant from the I/O 
connection electrode 12 from the locatidiTwhicH sKdw^ beer hall electrodes 41 and 42 to drawing 6 (a), or by 
changing a location so that you may make it located inside end-face 2e. In addition, in drawing 6 (a), although only the 
end-face 2e side was illustrated, the beer hall electrode is similarly "formed in 2f side of end faces. 



[0055] Moreover, drawing 6 (b) is the transverse-plane sectional view showing the 2nd modification of the dual mode 
band pass filter 1. In the dual mode band pass filter 51 of the 2nd modification, it is arranged so that it may be formed in 
the height location where a metal membrane 9 differs from the electrode layers 10 and 1 1 which constitute an I/O 
coupled circuit and electrode layers 10 and 1 1 may overlap partially through a dielectric substrate layer to a metal 
membrane 9. Thus, a metal membrane 9 and the electrode layers 10 and 1 1 which constitute an I/O coupled circuit may 
be arranged in a different height location. Moreover, a filter shape can also be adjusted by adjusting the lap area and 
distance of electrode layers 10 and 1 1 and a metal membrane 9. 

[0056] The frequency characteristics of the reflection property of the dual mode band pass filter of each modification 
shown in drawing 6 (a) and (b) are shown in drawing 7 (a) and (b), respectively. 

[0057] In each frequency characteristics shown in drawing 7 (a) and (b), it turns out that resonance by the side of the RF 
shown by the arrow head B shown in drawing 2 does not exist. That is, by adjusting the structure of the I/O circuit part 
containing the I/O connection electrodes 12 and 13 and the I/O connection electrodes 12 and 13 shows that the 
impedance of resonance of the structure which consists of ground electrodes 3 and 6 and ground connection electrodes 7 
and 8 changed. In addition, with an I/O connection circuit part, not only the I/O connection electrodes 12 and 13 but the 
electrode layers 10 and 1 1 shall be included. 

[0058] The I/O connection circuit part containing the I/O connection electrodes 1 1 and 12 is equivalent to the source of 
excitation of resonance of the structure which consists of the above-mentioned ground electrodes 3 and 6 and ground 
connection electrodes 7 and 8. Therefore, as shown in drawing 6 (a), resonance of the above-mentioned structure can be 
made small making ground potential approach or by making the source of excitation small, as shown in drawing 6 (b) 
by forming the beer hall electrodes 41 and 42 in the source of excitation. On the contrary, resonance of the above- 
mentioned structure can also be enlarged keeping away ground potential from the source of excitation, or by enlarging 
the source of excitation. 

[0059] Drawing 8 is the appearance perspective view of the dual mode band pass filter concerning the 2nd example of 
this invention. The dual mode band pass filter 61 of this example is constituted like the dual mode band pass filter 1 of 
the 1st example, if it removes that the electrical installation structures of the ground electrode 3 on top and the ground 
electrode 6 at the bottom differ. That is, in this example, a ground connection electrode is not formed in side faces 2c 
and 2d, but the ground electrode 3 and the ground electrode 6 are electrically connected by four beer hall electrodes 62- 
65. 

[0060] The beer hall electrodes 62-65 are formed near the corner part of the dielectric substrate 2. Here, electromagnetic 
shielding of the perimeter of a metal membrane 9 (refer to drawing 1 , although not illustrated in drawing 8 ) is carried 
out by the structure which consists of ground elecfrodesLl.and 6-and ieer hall electrodes 62-65. Thus, the ground 
connection electrode may be constituted by two or more beer hall electrodes. ~ ~; 

[0061] The frequency characteristics of the reflection property of thCHuai-modeband pass filter 61 are shown in 
drawing 9 . In addition, drawing 9 differs from drawing 2 in the point which is drawing which expanded the resonance 
part for constituting the filter which appears in a low frequency side. 

[0062] In drawing 9 , an arrow head B shows resonance of a filter and two resonance modes are combined in fact. 
Furthermore, it turns out that resonance of the structure which consists of the ground electrodes 3 and 6 and the beer 
hall electrodes 62-65 which are shown by the arrow head D approaches Resonance B, and a filter shape just like three 
steps of filters is obtained. 

[0063] With the dual mode band pass filter 1 of the lstexample, since the beer hall electrodes 62-65 are used to the 
ground connection electrodes 7 and 8 having been formed all over being side faces 2c and 2d, with the dual mode band 
pass filter 61, an inductance is loaded with the beer hall electrodes 62-65, and this is considered that the resonance 
frequency of the above-mentioned structure fell by it. In addition, the resonance current in electromagnetic-field 
distribution of the resonance in this structure is checked by the simulator which flowing in order of the ground electrode 
3, the beer hall electrodes 62-65, the ground electrode 6, and the beer hall electrodes 62-65 mentioned above. 
[0064] In the dual mode band pass filter concerning this invention, changing the electrode structure of the I/O circuit 
section containing a ground electrode and a ground connection electrode, or an I/O connection electrode or by adjusting 
these locations show that a filter shape can be adjusted variously so that clearly from the 1st and 2nd example and each 
modification which were mentioned above. 

[0065] In addition, the dual mode band pass filter concerning this invention is not limited to each example and 
modification which were mentioned above. Especially the structure of a ground electrode and a ground connection 
electrode can choose the magnitude, a configuration, a location, etc. freely, in order to change the resonance length of 
the structure who consists of these. Moreover, since it acts as a source of excitation of the structure which contains the 
above-mentioned ground electrode also about the structure of the I/O connection circuit containing an I/O connection 
electrode, it can choose freely also about the magnitude of the I/O connection circuit part containing an I/O connection 



electrode; a configuration, and a location. 

[0066] Moreover, in constituting TORIPU rate structure, the dielectric substrate layer may be prepared in the pan of the 
ground electrode of the upper and lower sides of the metaled film up and down, therefore the ground electrode may be 
formed in the dielectric substrate. 

[0067] Next, the case where the dual mode band pass filter of this invention is used for a duplexer and a radio 
communication equipment is explained using drawing 1 0 . Drawing 10 is the duplexer DPX which used the dual mode 
band pass filter, and the block diagram showing one example of the important section of the radio communication 
equipment 300 using it. The duplexer DPX of this example connects two dual mode band pass filters BPF1 and BPF2 of 
this invention, and is constituted, and is equipped with three ports PI, P2, and P3 as shown in drawing 10 . 
[0068] The port PI of Duplexer DPX is formed in the end of BPF1, and is connected to the transmitting section TX. 
Moreover, the port P2 of Duplexer DPX is formed in the end of BPF2, and is connected to the receive section RX. 
Furthermore, it connects with the other end of BPF1, and the other end of BPF2, and the port P3 of Duplexer DPX is 
connected to Antenna ANT. 

[0069] By constituting as mentioned above, the dual mode band pass filter of this invention can be used as a duplexer. 
Therefore, the degree of freedom of a design is high and the duplexer which can obtain easily the bandwidth considered 
as a request can be obtained. 

[0070] Moreover, the radio communication equipment excellent in communication link quality can be easily obtained as 
mentioned above by using the dual mode band pass filter and duplexer of this invention for a radio communication 
equipment. 
[0071] 

[Effect of the Invention] According to the dual mode band pass filter concerning this invention, the ground electrode 
with which the metal membrane for constituting a resonator is formed in the dielectric substrate, and it has the TORIPU 
rate structure of a metal membrane where the ground electrode is formed up and down, through this metal membrane 
and a dielectric layer, and a metal membrane is located up and down is electrically connected by the ground connection 
electrode. Therefore, since electromagnetic shielding of the metal membrane is carried out with the ground electrode 
and the ground connection electrode, radiation to the exterior in a dual mode band pass filter can be reduced. Therefore, 
the problem from which reduction of the insertion loss of a dual mode band pass filter can be achieved, or a dual mode 
band pass filter serves as a noise source is solvable. 

[0072] Moreover, multistage-ization of a band pass filter can be achieved using the resonance mode of the structure 
which consists of a ground electrode and a ground connection electrode, i.e., by using the filter shape obtained by the 
metal membrane, and the resonance mode of the above-mentioned structure. Moreover, a good filter shape without 
spurious one can be obtained by adjusting the resonance frequency of the above-mentioned structure. 
[0073] Furthermore, with the conventional dual mode band pass filter, with the dual mode band pass filter applied to 
this invention to the configuration of the metal membrane which constitutes a resonator having had constraint, or the 
location of the joint of an I/O coupled circuit having had constraint, since there is such no constraint, the degree of 
freedom of a design can be raised sharply. And a property can be sharply adjusted by changing the location of the 
dimension of a metal membrane, the dimension of a through tube, or the joint of an I/O coupled circuit. 
[0074] When the structure which consists of a ground electrode and a ground connection electrode is constituted so that 
it may resonate separately from two or more resonance modes produced in a metal membrane, using the resonance 
mode of the structure which consists of this ground electrode and a ground connection electrode, multistage-ization of a 
filter can be achieved as mentioned above, or a filter shape without spurious one can be obtained. 
[0075] A good filter shape without spurious one resulting from resonance by the above-mentioned structure can be 
obtained by changing the resonance frequency of the resonance mode of the structure which consists of a ground 
electrode and a ground connection electrode with the resonance frequency of two or more resonance modes produced in 
a metal membrane. 

[0076] When the resonance mode of the above-mentioned structure and two or more resonance modes produced in a 
metal membrane are combined, the filter shape of a multistage type can be obtained by it. 

[0077] In the property adjustment approach of the band pass filter concerning this invention, the resonance frequency of 
the above-mentioned structure can be adjusted to a desired frequency location by changing the resonance length of the 
structure who consists of a ground electrode and a ground connection electrode. 

[0078] Moreover, in the property adjustment approach of the band pass filter concerning this invention, if the structure 
of the above-mentioned I/O connection electrode is adjusted, since this I/O connection electrode will act as a source of 
excitation of the structure which consists of a ground electrode and a ground connection electrode, it can adjust to the 
value of a request of the impedance at the time of resonance of the structure which consists of a ground electrode and a 
ground connection electrode easily. 



[0079] Smce the duplexer and radio communication equipment concerning this invention are equipped with the dual 
mode band pass filter constituted according to this invention as a band-pass filter, low loss-ization can be achieved and 
adjustment of a property can acquire a good communication link property easily. 



[Translation done.] 



